Research is carried out on the kinematics of a kind of small biped robot. The robot mechanical structure with six degrees of freedom is designed according to the bionic human body and the kinematical model of the robot is constructed through the transformation Matrix. In the inverse kinematical analysis, the relevant values are calculated. Finally, the experimental research is carried out. Results show that the robot can successfully realize walking, which proves the correctness of the kinematical analysis method in the paper.
Introduction
There are many types of robots for different purposes. In the robot family, bipedal robot has drawn the most attention with its human-like characteristic [1, 2] . The structure and behaviors of biped robot are highly similar to those of humans. With the characteristics of nonlinearity, multi-variables, strong coupling and open-loop instability, it is of important theoretical significance and research value [3, 4] .
So far, the research on biped robot has made many meaningful achievements, but it mainly focuses on the medium and large robots. Boston Mechanics under Google developed Atias humanoid biped robot in 2013 whose size was about 1.5 times that of the adults. It had very strong balance ability and high degree of intelligence [5] . In China, Tsinghua University has developed a series of THBIP robots whose geometry sizes and mass distribution are designed with reference to the corresponding parameters of the Chinese adults with a total of 32 degrees of freedom [6] . Relative to large robot, small biped robot looks more approachable in appearance. On the premise of completing the same task, it can save resources and improve the utilization rate, so it can be used as a substitute for large biped robot in experiment. The miniaturization of biped robot must also bring many new problems to the structure design, kinematical analysis and control of robot [7, 8, 9, 10] . This paper designs a kind of small biped robot and explores the direct and inverse kinematical modeling method. It constructs the kinematical expression through the displacement transformation matrix. At the same time, it calculates its joint angles through the inverse kinematical solution. The above method provides a feasible solution for the kinematics of biped robot. 
Direct Kinematical Analysis
The legs of the robot are completely symmetrical. The coordinate system is established with the Denavit-Hartenberg method. The structure after simplification is shown in Fig. 2 . It is assumed that the left leg is the swing leg and the right leg is the support leg. The reference coordinate {0} is defined and fixed on the ankle joint of the support leg. The rotation angle of the ankle joint is 1  . Coordinates {1} and {2} are fixed on the ankle joint and hip joint with the rotation angles of 2  and 3  , respectively. Two hip joints are solidly connected. Coordinates {3} and {4} are defined on the hip joint and ankle joint of the swing leg with the rotation angles of 4  and 5  . Coordinate {5} is defined on the ankle joint of the swing leg with the rotation angle of 6  . 
According to Table 1 , the homogeneous transformation matrix can be obtained as below: The attitude matrix 6 T of the end connecting rod to the reference coordinate can be solved, as shown in Eq.1. 
.
Inverse Kinematical Analysis
The pose matrix 6 T of the end executor of the robot and the key parameters are known to solve the joint variables to prepare for the gait analysis of the robot.
The end pose is set as shown in Eq.2:
The variable separation method is adopted to make the secondary separation of the variables to obtain Eq.3: 
Since the robot has many degrees of space freedom and the joint angles have many unknown solutions, it is assumed that 1  and 2  are known. Then, the results can be obtained as shown in Eq.4: 
Then, the relationship between 3  and 4  can be solved, as shown in Eq.5: 
Eq.6 can be obtained according to Eq.1 and Eq.2:
The solvable 6  is shown in Eq.7:
(7) It can be seen from derivation that the joint angles constrain each other. Thus, in the case of confirming the space pose, 3 degrees of freedom need to be given.
Experimental Verification
Experimental verification is carried out on the constructed direct and inverse kinematical model and the solving method. The actual sizes of L1, L2, L4 and L5 of the robot prototype developed in the lab are all 40 mm and d3 is 50 mm. The experimental analysis is based on the actual sizes.
The inverse kinematical verification is carried out through example. Assuming that 1  =5°, 2  =6° and 3  =8°, the end pose is set to be: The experimental verification is shown in Fig. 3 . The robot steps the right leg with 1/2 step length and the center of gravity falls on the sole of the left foot. Then, the robot steps the left leg with a step length and the center of gravity falls on the sole of the right foot. And so on, the robot can successfully complete the walking. 
Summary
This paper simulates the human body to design a kind of small biped robot with six degrees of freedom. Through theoretical analysis and experimental verification, it analyzes the direct and inverse kinematics of the robot, which provides the theoretical basis for the movement of biped robot. The future work will focus on further improving the movement stability of biped robot with the combination of sensor.
